Mammalian reoviruses have served as highly tractable models for studies of viral pathogenesis (59) . Reoviruses are nonenveloped, icosahedral viruses with a genome consisting of 10 double-stranded RNA segments (37) . Following attachment to cellular receptors (2, 7) and entry by receptor-mediated endocytosis (17, 50) , reovirus replication occurs exclusively in the cytoplasm. Newborn mice infected with reovirus sustain injury to a variety of organs, including the central nervous system (CNS), heart, and liver (62) . Reovirus induces the morphological and biochemical features of apoptosis in cultured cells (10, 60) and in vivo (11, 13, 38) . Apoptotic cell death appears to be the primary mechanism for virus-induced tissue injury in the murine CNS (38, 39) and heart (11, 13) .
In both cell culture models and the murine CNS, apoptosis induced by reovirus is contingent upon activation of transcription factor NF-B (2, 8, 10, 39) . NF-B plays a critical role in the activation of innate immune responses (1, 45) and can either prevent or potentiate death signaling depending on the cell type and stimulatory cue (22) . NF-B family members exist as heterodimers or homodimers sequestered in the cytoplasm by association with IB␣ or other structurally related inhibitors (1, 22) . Agonists of NF-B, including viral infection, trigger a signaling cascade that leads to phosphorylation and degradation of IB␣, which in turn permits translocation of NF-B into the nucleus, where target gene transcription is activated (4) .
Following reovirus infection, the prototypical form of NF-B containing p50 and p65 subunits translocates to the nucleus and activates proapoptotic gene expression (10, 39) . Activation of NF-B is not dependent on viral RNA synthesis but does require signaling responses elicited by viral disassembly in the endocytic pathway (9) . Reovirus-induced apoptosis is blocked in proteasome-arrested cells or following enforced cellular expression of degradation-resistant forms of IB␣, indicating that NF-B is essential for proapoptotic signaling (10) . Consistent with this requirement, cell lines deficient in either the p50 or p65 subunits of NF-B are resistant to reovirusinduced apoptosis (10) . Moreover, apoptosis is diminished in the CNS of mice lacking a functional nfkb1/p50 gene (39) .
Despite these data linking NF-B to reovirus pathobiology, the underlying genetic program for reovirus-induced apoptosis is unknown. To identify the relevant NF-B-responsive genes, we monitored gene expression profiles in mammalian cells that express a degradation-resistant mutant of IB␣ (mIB␣) under the control of an inducible promoter (57) . These microarray experiments revealed a network of NF-B-regulated genes that are activated by reovirus in a temporal pattern. Remarkably, a substantial number of these transcription units are involved in host innate immune responses, including interferon (IFN)-stimulated genes (ISGs). Our findings raise the possibility that innate immune response genes are involved in the mechanism by which NF-B induces apoptosis in reovirusinfected cells.
MATERIALS AND METHODS

Cells and viruses.
Spinner-adapted murine L929 (L) cells were grown in suspension or monolayer culture and maintained as described elsewhere (10) . HeLa cells expressing mIB␣ were generated and maintained as described previously (57) . Expression of mIB␣ was suppressed by the addition of 2 g of doxycycline per ml to the medium. Reovirus strain type 3 Dearing (T3D) is a laboratory stock. Viral particles were purified by freon extraction of infected cell lysates and CsCl gradient centrifugation as described elsewhere (18) . Titers of infectious virus were determined by plaque assay using L cell monolayers (61) .
Immunoblot analysis. HeLa cells (7 ϫ 10 6 ) grown in 100-mm tissue culture plates (Costar) were either induced to express mIB␣ by doxycycline withdrawal or uninduced and either mock infected with phosphate-buffered saline or infected with reovirus T3D at a multiplicity of infection (MOI) of 100 PFU per cell. After viral adsorption at room temperature for 1 h, fresh medium was added, and cells were incubated at 37°C for 10 h. Nuclear and cytoplasmic extracts were prepared as described previously (10) . Cytoplasmic extracts (50 g of total protein) were electrophoresed in sodium dodecyl sulfate-10% polyacrylamide gels (29) and transferred to nitrocellulose membranes.
Immunoblotting was performed as previously described (42) using a rabbit polyclonal antiserum specific for IB␣ (Santa Cruz Biotechnology), followed by horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (Amersham Pharmacia Biotech), each diluted 1:1,000 in Tris-buffered saline containing 0.05% Tween 20 and 5% lowfat dry milk.
Electrophoretic mobility shift assays. HeLa cells (7 ϫ 10 6 ) grown in 100-cm tissue culture plates were either induced or uninduced and adsorbed with reovirus T3D at an MOI of 100 PFU per cell. After incubation at 37°C for 0, 2, 6, and 10 h postinfection, cells were lysed in hypotonic lysis buffer (10 mM HEPES [pH 7.9], 10 mM KCl, 1.5 mM MgCl, 0.5 mM dithiothreitol, 0.5 mM phenylmethylsulfonyl fluoride, and protease inhibitor cocktail [Roche]) at 4°C for 15 min. A 1/20 volume of 10% Igepal CA-630 (Sigma Chemical Co.) was added to the cell lysate, and the sample was vortexed for 20 s and centrifuged at 12,000 ϫ g for 5 min. The nuclear pellet was washed once in hypotonic buffer, resuspended in high-salt buffer (25% glycerol, 20 mM HEPES [pH 7.9], 0.42 M NaCl, 1.5 mM MgCl, 0.2 mM EDTA, 0.5 mM dithiothreitol, 0.5 mM phenylmethylsulfonyl fluoride, and protease inhibitor cocktail), and incubated at 4°C for 2 h. Samples were centrifuged at 12,000 ϫ g for 10 min, and the supernatant was used as the nuclear extract.
Nuclear extracts (20 g of total protein) were assayed for NF-B activation by electrophoretic mobility shift assay using a 32 P-labeled oligonucleotide probe (1.0 ng) consisting of the NF-B consensus binding sequence (Santa Cruz Biotechnology) as described elsewhere (10) . Nucleoprotein complexes were subjected to electrophoresis in native polyacrylamide gels, which were dried and exposed to film.
Quantitation of reovirus growth. Induced or uninduced HeLa cells were grown in 24-well tissue culture plates (Costar) and infected with reovirus T3D at an MOI of 100 PFU per cell. After adsorption at room temperature for 1 h, 1.0 ml of fresh medium was added, and the cells were incubated at 37°C for 0, 12, 24, and 48 h. Following incubation, cells and culture medium were frozen (Ϫ70°C) and thawed twice, and viral titers in the cell lysates were determined by plaque assay using L cell monolayers (61) .
Oligonucleotide probe-based microarrays. HeLa cells (7 ϫ 10 6 ) grown in 100-cm tissue culture plates were either induced or uninduced and adsorbed with reovirus T3D at an MOI of 100 PFU per cell. After incubation at 37°C for 0, 2, 6, and 10 h postinfection, cells were lysed and RNA was extracted using TRIzol reagent according to the manufacturer's instructions (Invitrogen). Ten micrograms of total RNA was subjected to first-strand cDNA synthesis using a T7 RNA polymerase (dT) 24 oligomer (5Ј-GGCCAGTGAATTGTAATACGACTC ACTATAGGGAGGCGG-dT 24 -3Ј) and SuperScript II reverse transcriptase (Life Technologies). Bacteriophage T7 RNA polymerase was used to synthesize biotinylated cRNA according to the manufacturer's protocol (Enzo Diagnostics). The biotinylated target RNAs were fragmented to a mean size of 200 bases and hybridized to Hu95Av2 GeneChips (Affymetrix) containing 12,626 sequenced human genes according to the manufacturer's protocol. GeneChips were washed under both nonstringent (1 M NaCl, 25°C) and stringent (1 M NaCl, 50°C) conditions prior to staining with phycoerythrin-streptavidin (10 g/ml final concentration). Arrays were scanned using a Gene Array scanner (Hewlett Packard) and analyzed using the GeneChip Analysis suite 5 software (Affymetrix). For each gene, 16 to 20 probe pairs were immobilized as ϳ25-mer oligonucleotides that hybridize throughout the mRNA; each probe pair was represented as a perfect match oligonucleotide and a mismatch oligonucleotide as a hybridization control. The "detection" of a given mRNA (i.e., whether the mRNA is detected ["present"] or not ["absent"]) and the "signal" (i.e., measure of mRNA abundance) were determined as previously described (31) .
Data analysis. Two independent experiments were performed in which mRNA levels were compared by microarray analysis at 0, 2, 6, and 10 h following adsorption of induced and uninduced cells with either reovirus or gelatin saline as a mock infection control. For comparison of the fluorescence intensity (signal) values among multiple experiments, the signal values for each "experimental" GeneChip were scaled to those of the "base" GeneChip. This analysis was performed by first calculating the 2% trimmed mean (a measurement of global signal) for each GeneChip. The trimmed mean was obtained by calculating the mean signal of the chip after discarding the top and bottom 2% signal values (representing the "outliers"). Scaling was then performed by multiplying each of the signal measurements in the "experimental" array by a scaling factor defined as the ratio of the "base" trimmed mean to that of the "experimental" trimmed mean (the "base" array was defined to be the GeneChip for the zero-hour control mIB␣-induced cells). Because both reovirus infection and mIB␣ induction (i.e., doxycycline withdrawal) can be considered experimental treatments, the scaled average difference values were subjected to a two-way analysis of variance with replications (ANOVA), as applied in the program Splus version 6 (Insightful), to identify genes that were significantly influenced by either reovirus infection or mIB␣ induction.
Levels of gene expression were compared by hierarchical clustering following normalization of the average signal values by Z-score (57) . The Z-score expresses the signal measurement of each gene during the course of treatment as a deviation from the mean in standard deviation units. For any cell, the Z-score is determined by the formula Z ϭ (S i Ϫ S row )/SD, where S row is the average signal value for the gene (across the row) and SD is the standard deviation. Agglomerative hierarchical clustering was performed using the weighted pair-group method with arithmetic mean (Spotfire Array Explorer, version 8; Spotfire) using euclidean distance (5, 57) .
Gene ontology analysis. Gene ontology analysis was performed using the functional annotation tool of the Database for Annotation, Visualization and Integrated Discovery (DAVID) 2.1 program (14) . For each probe set, Gene Ontology:Biological Process (GO:BP) categories that were significantly overrepresented, as determined by the Fisher exact test (P Ͻ 0.05), were identified. The represented genes in GO:BP categories of interest were used for comparisons. For the reovirus-induced, NF-B-dependent probe sets, identification of overrepresented GO:BP categories was verified using the NetAffx Analysis center (Affymetrix) (34) .
Real-time PCR. RNA was extracted from 1 ϫ 10 6 cells using TRIzol reagent. Three micrograms of RNA was used in a reverse transcription reaction mixture containing 10ϫ buffer, 25 mM MgCl 2 , 100 M dithiothreitol, 1 U RNasin (Promega), 10 mM deoxynucleoside triphosphates, 50 M random hexamers, and 1 U avian myeloblastosis virus) reverse transcriptase (Promega). The reaction mixture was incubated at 43°C for 1 h and terminated at 95°C for 10 min.
Real-time PCRs were performed using the Bio-Rad icycler and IQ supermix buffer containing DNA polymerase and SYBR Green (Bio-Rad). Two to three replicate amplification reactions were performed in 96-well plates (Bio-Rad). Each reaction mixture contained 12.5 l IQ supermix buffer, 300 nM forward and reverse primers, and 1 l cDNA in a final volume of 25 l. Primers for the reactions are shown in Table 1 . Cycling conditions were as follows: 95°C for 10 min and then 45 cycles at 95°C for 15 s, 60°C for 30 s, and 72°C for 15 s.
Data analysis was performed using the Bio-Rad icycler PCR detection and analysis software, version 3.0 (Bio-Rad). DNA was quantified using the standard curve method with the background subtracted. Known concentrations of cDNA were used to obtain the standard curve for each gene (concentrations between 0.0228 and 710 ng). A melting curve was determined for each sample to detect primer dimers, in which case data were not used. Results are expressed as the ratio of target cDNA and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA.
RESULTS
NF-B activation by reovirus is blocked in cells expressing mIB␣.
To investigate whether NF-B activation by reovirus is altered in cells induced to express mIB␣, we first confirmed the expression of mIB␣ by doxycycline withdrawal. HeLa cells were cultured for 7 days in either the presence (uninduced) or absence (induced) of doxycycline. Cytoplasmic extracts were prepared and analyzed by immunoblotting for mIB␣ and endogenous wild-type (wt) IB␣ (Fig. 1A) . Immunoblot analysis confirmed the expression of mIB␣ following doxycycline withdrawal, indicating that these cells are appropriate for studies of NF-B activation by reovirus. The difference in relative molecular mass exhibited by wt IB␣ and mIB␣ reflects a FLAG epitope tag appended to the carboxy terminus of mIB␣ (57) .
To determine whether expression of mIB␣ is capable of blocking the NF-B response elicited by reovirus, either uninduced or induced cells were infected with reovirus strain T3D, and nuclear extracts were prepared at 0, 2, 6, and 10 h postinfection. Extracts were incubated with a 32 P-labeled oligonucleotide probe consisting of an NF-B consensus binding sequence and resolved in nondenaturing polyacrylamide gels (Fig. 1B and C) . Following infection with reovirus, proteins capable of shifting the radiolabeled oligonucleotide to a higher relative molecular mass were increased in nuclear extracts prepared from uninduced cells (Fig. 1B ) in comparison to extracts prepared from cells expressing mIB␣ (Fig. 1C) . NF-B activation was first detected at 2 h postinfection and increased at 6 and 10 h postinfection in uninduced cells (Fig. 1B) . In contrast, little NF-B activation was detected at any time point in cells induced to express mIB␣ (Fig.  1C ). These results demonstrate that reovirus stimulates nuclear translocation of NF-B complexes in uninduced cells but not in cells expressing mIB␣.
To determine whether the absence of NF-B activation in HeLa cells expressing mIB␣ is due to a failure of reovirus to productively infect these cells, uninduced and induced HeLa cells were infected with reovirus T3D, and viral titers were determined by plaque assay at 0, 12, 24, and 48 h postinfection (Fig. 2) . Reovirus replicated efficiently in both uninduced and induced cells, although yields of progeny virus were greater in uninduced cells at 12 and 24 h of infection. By 48 h, viral yields in uninduced and induced cells were equivalent. Together with results presented in Fig. 1 , these data indicate that mIB␣ potently blocks NF-B signaling in cells but does not abolish viral replication, validating the use of mIB␣-expressing cells for studies to assign NF-B gene targets.
Identification of an NF-B-dependent gene network in reovirus-infected cells. To identify gene expression profiles dependent on reovirus infection and NF-B activation, mIB␣-expressing HeLa cells were cultured in the presence or absence of doxycycline for 7 days prior to infection with reovirus T3D. RNA was harvested from duplicate samples of mock-infected and reovirus-infected cells at 0, 2, 6, and 10 h postinfection (Fig. 1B) . Gene expression changes were detected by using high-density oligonucleotide microarrays containing oligonucleotides corresponding to approximately 12,696 sequenced hu- man genes (Affymetrix Hu95A GeneChip). Two-way ANOVA was used to identify changes in expression levels that were significantly altered (P Ͻ 0.01) following reovirus infection. In these experiments, reovirus infection significantly influenced the expression of 623 mRNAs represented on the GeneChip (Fig. 3) . Induction of mIB␣ significantly changed the expression of 176 mRNAs. Comparison of the two expression profile groups revealed that there were 112 genes common to both reovirus infection and NF-B activation ( Fig. 3 and Table 2 ). Since the expression of these 112 genes is dependent on both reovirus and NF-B, these genes were chosen for further analysis. Identification of distinct expression patterns of NF-Bregulated genes in response to reovirus infection. To characterize gene expression profiles that are dependent on both reovirus infection and NF-B activation and to determine whether NF-B gene expression is temporally regulated during reovirus infection, we used a hierarchical clustering algorithm to define the relationship of genes of interest (64) . Each gene expression profile was grouped with its nearest neighbor, and the mathematical proximity of each expression profile to that of the others was defined. The hierarchical clustering of 112 genes with expression patterns dependent on both reovirus and NF-B is shown in Fig. 4 , with the data visually presented using a color-coded scale. Inspection of the dendrogram reveals four distinct gene clusters with expression patterns that are dependent on the time of infection. The second, third, and fourth clusters include genes that are induced by reovirus and blocked by expression of mIB␣. In general, genes in cluster III were maximally expressed 2 h postinfection (kinetic class 1), genes in cluster IV were expressed 6 h postinfection (kinetic class 2), and genes in cluster II were expressed 10 h postinfection (kinetic class 3). Cluster I includes genes with low-level expression in uninduced cells that are enhanced by expression of mIB␣. These genes appear to be constitutively regulated by NF-B. We conclude that distinct groups of NF-B-dependent genes are induced by reovirus at distinct times during infection.
NF-B-regulated genes induced by reovirus belong to distinct functional classes. To determine whether reovirus-responsive genes under NF-B control can be grouped into functional classes, we used the functional annotation tool of the DAVID program. Biological processes in each kinetic class that were statistically overrepresented by the Fisher exact test (P Ͻ 0.05) were identified. Biological processes overrepresented in kinetic class 1 include cell proliferation, taxis, apoptosis, and response to pest, pathogen, or parasite. Taxis and response to pest, pathogen, or parasite also were represented in kinetic class 3, along with the Janus-activated kinase (JAK) signal transducer and activator of transcription (STAT) cascade and response to virus. No overrepresented biological processes were identified in kinetic class 2. Thus, distinct classes of genes under NF-B control are activated following reovirus infection.
Confirmation of microarray analysis by real-time PCR. To confirm the temporal expression pattern of NF-B-responsive genes identified in the microarray analysis, we used real-time PCR to define the expression levels of single genes during the interval of reovirus infection employed in the microarray experiments. Either uninduced or induced HeLa cells were infected with reovirus T3D, and RNA was harvested at 0, 2, 6, and 10 h postinfection. Following reverse transcription, resultant cDNAs were used in real-time PCRs to detect levels of interleukin-6 (IL-6), IRF-1, and p40/46 OAS1 mRNA (Fig. 5) . The results demonstrated that these genes are upregulated following reovirus infection in an NF-B-dependent manner with kinetics that parallel the microarray results.
DISCUSSION
Apoptotic cell death is the primary mechanism of reovirusinduced tissue injury in the murine CNS (38, 39) and heart (11, 13) . Emerging mechanistic evidence indicates that transcription factor NF-B plays an important role in the present death response (2, 8, 10, 39) . However, until the present study, the underlying genetic program elicited by NF-B activation in reovirus-infected cells remained unknown. To identify the relevant NF-B-responsive genes, we monitored gene expression profiles in mammalian cells engineered to express a degradation-resistant mutant of IB␣ (57) . NF-B-dependent alterations in the expression of 112 genes were observed following reovirus infection. This set of genes includes several members that have been linked to apoptosis, including STAT1, GADD45A, and RhoB (32, 46, 58) .
Our gene profiling studies revealed a wide spectrum of reovirus-inducible genes under NF-B control, including those encoding cytokines, transcription factors, cell cycle regulators, and enzymes (Table 2 ). Cytokine and cell proliferation genes were expressed at 2 h postinfection, NF-B family members were expressed at 6 h postinfection, and ISGs were expressed at 10 h postinfection. These findings suggest that distinct gene clusters are temporally regulated following infection with reovirus. Genes encoding cytokines (e.g., IL-6, IL-8, CXCL1/GRO␣, and CXCL2/ MIP-2␣) were among the most rapidly expressed, which likely reflects their involvement in the activation of downstream signaling pathways for innate immunity. Thus, some of the NF-B response genes identified in our study may be secondarily dependent on signaling pathways triggered by cytokines secreted early in the reovirus infectious cycle.
Innate immunity plays an important role in host defense by limiting viral replication and facilitating development of an adaptive immune response (4). Modification of the NF-B FIG. 3 . Cellular genes regulated by reovirus and NF-B. Two-way ANOVA of scaled signal intensities was used to identify genes regulated by either reovirus infection or mIB␣ expression. Probe sets with a P value of Ͻ0.01 by either treatment were selected for further analysis. Shown is a Venn diagram of genes common to both data sets. Of the 623 genes regulated by reovirus, 112 also are under NF-B control. signaling pathway by viruses is a common mechanism to enhance viral replication, manipulate host immunity, influence cell growth, and determine cell fate (1, 25) . Following viral infection, NF-B activation elicits innate immune responses by the production of IFN-␣/␤, which function as potent antiviral cytokines (44) . Secreted IFN-␣/␤ act in a paracrine manner to produce an antiviral state in uninfected cells through activation of the JAK-STAT signal transduction pathway (44) . Based on the microarray data in this report, indicating that ISGs are induced in an NF-B-dependent fashion following reovirus infection, we conclude that reovirus-induced activation of NF-B has potent stimulatory effects on mechanisms of innate immunity. Many of the biological effects of IFN-␣/␤ and other IFNs are mediated by ISGs (48) , which have been previously implicated in cell death signaling (24) . STAT-1 is activated upon IFN binding to its receptor, and it forms a complex with STAT-2/ p48 (ISGF3) to induce transcription (26) . IFN regulatory factor 1 (IRF-1) is a target for STAT-1 transcriptional regulation (41) , and IRF-1 itself transcriptionally regulates additional ISGs and promotes apoptosis following DNA damage (23, 51, 53) . IFN-␣/␤ can greatly enhance the apoptotic response of cultured cells to double-stranded RNA and influenza virus (54) . In this regard, Tanaka et al. (54) have proposed that only virus-infected cells producing IFN undergo apoptosis following viral infection (54) . According to this model, IFN induces cytotoxicity of infected cells via an autocrine pathway, whereas uninfected cells enter an antiviral state via a paracrine mode of IFN action (54) . Of note, we found that NF-B activation by reovirus leads to expression of STAT-1, STAT-2, and IRF-1 (Tables 2 and 3 ). This finding raises the possibility that reovirus induces apoptosis as a consequence of NF-B-mediated stimulation of ISGs.
In addition to the NF-B-dependent innate immune response, reovirus infection induces expression of genes in other proapoptotic pathways, through both NF-B-dependent (e.g., GADD45A [58] and RhoB [33] ) and NF-B-independent (e.g., TP53BP2/ASPP2 and PPP1R13B/ASPP1 [43] ) mechanisms. GADD45A, RhoB, TP53BP2, and PPP1R13B have been implicated in the cellular response to DNA damage initiated by the p53 tumor suppressor (28, 35, 47) . It is noteworthy that genes in the DNA damage response pathway are overrepresented among reovirus-regulated genes identified in this and a previous microarray study (12) . DNA damage response genes identified in both studies include GADD45A, DDB2, ERCC4, FUS, and IRF-7. The pathological relationship between reovirus infection, NF-B activation, and the However, there is evidence for significant interactions between the NF-B and p53 pathways (15, 63) , which may be operative in reovirus-infected cells. In support of this possibility, we identified two NF-B-responsive genes in kinetic class 1 that have been previously implicated in the regulation of p53-mediated apoptosis (PLK3 and IER3/IEX-1) (30). In addition to regulating genes in the p53-mediated apoptotic pathway, reovirus infection regulates several genes involved in mitochondrial injury pathways, including MCL1 (3), PAWR/Par-4 (21), BNIP3L (27) , and MOAP1 (52). However, NF-B is not required for the regulation of these genes by reovirus, suggesting that these genes may function in concert with certain NF-Bresponsive genes to modulate the apoptotic response in reovirus-infected cells.
In prior studies, we observed decreased yields of reovirus following growth in cells lacking either the p50 or p65 NF-B subunits in comparison to wt controls (10) . Yields of reovirus in cells induced to express mIB␣ were also lower than those in uninduced cells following 12 and 24 h of viral growth. Reovirus produces substantially greater yields following growth in rapidly dividing or transformed cells (16, 49, 55) , suggesting that cellular factors associated with cell growth augment viral replication. It is possible that a subset of NF-B-regulated genes promotes cell proliferation, which in turn enhances viral nucleic acid or protein synthesis, intracellular transport of viral proteins, or assembly and release of progeny virions. These genes include those that encode cell cycle proteins, such as PLK2 (36) , and cytokines, such as CXCL1, CXCL10, IL-6, and IL-8.
NF-B-dependent gene networks that are activated in response to a variety of other stimuli have been described, including respiratory syncytial virus (57), Epstein-Barr virus (6), tumor necrosis factor alpha (56) , and heart disease (20) . Gene ontology analysis of these data reveal significant representation of genes involved in cellular proliferation, apoptosis, signal transduction, taxis, and host defense responses (see Table S1 in the supplemental material). For example, upregulation of CCL5/RANTES, NFKBIA/IB␣, NFKB2/p49/p100, and TN-FAIP3/A20 was observed in four of five studies, including this study, while NFKB1/p50/p105, CXCL1/GRO-␣, IL-6, and IL-8 were observed in three of five studies. Several genes, including those encoding retinoic acid receptor-␣, glomulin, and placental growth factor, were classified as NF-B dependent in one study (57) but not in this study. These divergent results suggest that such genes can be differentially regulated via agonistspecific mechanisms. Alternatively, a requirement for NF-B may be a function of the interval following stimulation or the cell type. The expression of NF-B-dependent genes, including CCL5, IL-6, and TNFAIP3, in failing human hearts is of particular significance (20) , as we have recently shown that NF-B activation protects the heart from reovirus-induced apoptosis in vivo (39) . It will therefore be of interest to examine the expression of these genes in the heart of neonatal mice during infection with myocarditic and nonmyocarditic reovirus strains.
NF-B plays an essential role in the genetic response to a variety of cellular stresses (19) . The extensive array of NF-B inducers and target genes suggests that numerous mechanisms exist to direct transcription of appropriate NF-B-responsive genes due to specific stimuli (40) . Here, we have identified a network of genes activated by NF-B following reovirus infection. Many of these genes function in innate immunity (Table  3) , suggesting a critical role for this component of host defense in proapoptotic signaling. These genes may act in concert with genes involved in other proapoptotic pathways that reovirus regulates, including the DNA damage response and mitochondrial injury pathways. Data presented in this report establish the requisite genetic framework to address this potential interplay and to further dissect the pathological mechanisms of reovirus-induced apoptosis. a Shown is a subset of reovirus-responsive, NF-B-dependent genes identified in the microarray analysis that are categorized as defense response by the DAVID program (14) . Genes are listed alphabetically by kinetic class. Average fold change is expressed as a ratio of mRNA levels in uninduced cells (ϩdoxy-cycline) divided by mRNA levels in induced cells (Ϫdoxycycline) at the indicated times after infection. Values less than 1 represent a decrease in expression.
